Approximately one third of community-dwelling individuals over the age of 65 fall each year. 1 Falls are associated with increased morbidity and mortality as well as high healthcare costs. 2 Many risk factors for falls have been identified, and one important modifiable risk factor is a deficit in balance. [3] [4] [5] [6] Defined as the ability to maintain the body's centre of mass over its base of support, balance is not a stand-alone skill; it is a composite ability involving rapid, automatic anticipatory and reactive integration of information from several systems. 7, 8 Many of the components that contribute to balance, such as strength and sensation, are impaired in the elderly. 3, 4, 6, 9 Therefore, appropriate clinical assessment tools are necessary to screen for balance impairments.
Commonly used functional balance tests, including the Berg Balance Scale (BBS) 10 and the Timed Up and Go (TUG), 11 have been designed to identify balance problems and predict fall risk. 10, [12] [13] [14] However, few balance tests have been developed to identify the underlying systems responsible for the balance deficits. An understanding of the systems underlying the deficits in postural control is critical for diagnosing specific impairments and developing individualized treatment plans. 8 The Balance Evaluation Systems Test (BESTest) is a recently developed standardized functional balance tool that is aimed at identifying the contributing components to dysfunctional balance; it targets six postural control subsystems (see Table 1 ). 15 The BESTest has been shown to have high inter-rater reliability, high test-retest reliability and very good validity in people with Parkinson's Disease (PD). 16 Performance on the BESTest has been shown Despite its validation and published findings, the BESTest is not often used in clinical practice. 21 This may be due to the administration time which has been reported to range from 20 to 60 minutes, 15, 22 which may not be feasible in all clinical settings. Accordingly, an abbreviated version of the BESTest was developed as a brief test of dynamic balance that can be administered in less than half the time of the full BESTest. 23 The mini-BESTest consists of 14 out of the 36 items from the original BESTest but the items are scored differently, on a 3 point rather than 4 point scale. 23, 24 Scores on the mini-BESTest have been shown to correlate well with total BESTest scores, 17 balance confidence, 24 and the BBS in people with PD. 25, 26 It has also been shown to have high inter-rater and test-retest reliability. 17 The mini-BESTest has been used to test balance in people with stroke, multiple sclerosis, vestibular disorders, and traumatic brain injury 23 and, like the BESTest, it has been shown to discriminate between fallers and non-fallers in people with PD.
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While the mini-BESTest fulfills the need for a shorter version of the BESTest, it only gives a total score of dynamic balance and does not identify the underlying system(s) of impairment. Another shortened version, the briefBESTest 22 was developed in order to maintain the theoretical basis of the original test. Padgett and colleagues examined the internal consistency of each item of the BESTest and used item-total correlations to identify each subsection's most representative item. 22 The resulting "briefBESTest" consists of one item from each section of the original BESTest with two items (the single leg stance and functional reach forward) scored bilaterally. In preliminary testing, the briefBESTest was shown to have comparable inter-rater reliability to the BESTest and mini-BESTest and superior accuracy to the other tests in identifying fallers and non-fallers with and without a neurological diagnosis.
A small number of studies have used the BESTest in healthy control participants 15, 19, 20 however, the small sample sizes in these studies (ranging between 3 and 32 participants), as well as the failure to report scores based on age, limit the generalizability and interpretation of scores achieved by these patients. To date, no normative BESTest, mini-BESTest or briefBESTest data have been published. The ability to compare patients' scores on the BESTest, mini-BESTest and briefBESTest to a range of expected scores for a healthy age-matched population will be meaningful for clinicians and patients as it will provide a relative indication of balance performance and help to guide treatment goals. Thus, the primary objective of this study was to determine the age-related normative scores for the BESTest, mini-BESTest and briefBESTest for healthy Canadians between the ages of 50 to 89. We hypothesized that balance scores would differ significantly between age groups.
METHODS
This study was approved by the Research Ethics Board at the University of Toronto.
Written informed consent was obtained and a copy of the consent form was provided to each participant. A cross-sectional study design was used.
Participants
Healthy community-dwelling older adults between the ages of 50 and 89 years were recruited through local advertisement in community centers, hospitals, and universities.
Consistent with previous studies that reported normative scores, 27, 28 we targeted a sample size of 80 participants (10 males and 10 females in each decade between 50 and 89 years). Assignment to age cohort was determined by the participants' chronological age at the time of testing.
Interested participants were screened over the telephone to determine eligibility for the study. Individuals were included if they met the following criteria: (1) age 50-89, (2) living independently in the community, (3) able to speak and read English, (4) able to follow 3-step commands, (5) able to provide written informed consent and (6) able to ambulate 6 meters independently without a gait aid. Individuals were excluded if they reported (1) a history of dizziness or fainting, (2) a past or current history of either a cardiorespiratory, neurological or musculoskeletal impairment that affected their balance, and (3) current use of any medication(s) that cause dizziness or impair balance (e.g., psychotropic medications).
Procedure
Each data collection session was completed within one 60-minute period in a quiet laboratory setting at the University of Toronto between January and July 2012. Participants were instructed to wear comfortable, flat shoes. Demographic data, including sex, age, height, and weight were collected prior to administration of the BESTest.
Four members of the research team who were Masters of Physical Therapy students (SO, BW, LH, and TA) were trained to administer and score the BESTest by first observing the BESTest training DVD 29 and then by undergoing training with a registered physical therapist (MB) with extensive experience administering the test. In order to reduce errors in inter-rater reliability, all four testers scored the first four participants. The scores for each item on the BESTest were then compared to ensure consistency of ratings. When discrepancies in scoring were evident the testers discussed their rationales for the score chosen and came to a unified conclusion on how to score future attempts for problematic tasks.
Two of the four testers were present for each testing session. For each item on the BESTest, one tester read the standardized instructions 29 to the participant while the second tester completed a demonstration of the task. The participant then attempted the task with close supervision provided by the second tester to ensure participant safety. If the participants' attempt indicated an obvious misunderstanding of the instructions another demonstration was given and the participant was allowed a second attempt at the task. Each task was scored immediately after completion and participants were provided with a verbal summary of their BESTest results at the end of the session. Scoring of the mini-BESTest and briefBESTest occurred after completion of all testing sessions based on the performance of the BESTest tasks; participants did not complete the mini-BESTest or briefBESTest tasks separately. All scores were calculated by the testers (two of SO, BW, LH and TA) and verified by the other two at the time of data entry.
Outcome Measures
Balance Evaluation Systems Test (BESTest) 15 The BESTest consists of 36 items grouped into the aforementioned six categories (see Table 1 ). Each task is scored on an ordinal scale between 0 and 3 as judged by time or performance criteria. The overall BESTest score is a sum of all the individual items resulting in a maximum score of 108 points. Scores are converted to percentages with a higher score indicating better balance performance. Materials needed to administer the BESTest, including a 10 degree incline ramp, a 60cm x 60cm block of 4", medium-density Tempur® foam and the BESTest training DVD were purchased from the BESTest website. 29 All other materials utilized were in accordance with the BESTest written standards. The stair height was measured at 17 cm and the obstacle (two stacked shoeboxes) height was measured at 25 cm. A 5-lb plate was used for the lifting item in the stability limits and verticality section.
Mini-BESTest 23
The mini-BESTest includes 14 items from the BESTest, from four out of the six subsections. It includes three tasks from 'anticipatory postural adjustments', three tasks from 'postural responses', three tasks from 'sensory orientation' and five tasks from 'stability in gait'.
It does not include any items from 'biomechanical constraints' or 'stability limits/verticality' as the items from these subsections were not deemed to measure dynamic balance. Items are scored from 0-2 and then summed to obtain a total score out of a possible 28 points. 24 A higher score indicates better balance performance.
BriefBESTest 22
The briefBESTest was created using six items from the BESTest, one from each subsection, with two items (single leg stance and functional reach forward) scored bilaterally, resulting in an eight item test. Like the BESTest, items are scored from 0-3 and then summed to obtain a total score out of a possible 24 points. A higher score indicates better balance performance. As this test was created by compiling the most statistically representative item from each subsection of the BESTest, each item provides its own subscore.
Data Analysis
Descriptive statistics (mean, SD, 95% CI) were calculated for age, height, weight, body mass index, BESTest (total and subscores), mini-BESTest, and briefBESTest (total and subscores). Box plots were used to show the median, minimum and maximum values and 25 th -75 th percentiles for the BESTest, miniBESTest and briefBESTest total score for each age cohort.
Both graphical and statistical methods (Shapiro-Wilk test) were used to determine normality.
Because the data were not normally distributed, Kruskal-Wallis analyses were used to determine whether balance scores differed significantly across age groups within each of the balance tests.
All statistical analyses were conducted using SPSS software (version 19.0 for Windows; SPSS Inc.; Chicago, United States).
RESULTS
The targeted sample size (n = 10) was achieved in all age and gender cohorts except for males 80-89 (n = 9), resulting in a total sample size of 79 individuals. Descriptive characteristics of the participants are given in Table 2 . Mini-BESTest scores are missing for one male in the 50-59 year cohort and two males in the 60-69 year cohort due to differences in scoring of the BESTest and mini-BESTest. A score of 2 points on item 20 in the 'sensory orientation' section of the BESTest could correspond with either a score of one or two on item 9 in the miniBESTest; these three tests were not included in the analyses. Table 3 Table   3 ).
DISCUSSION
This study provides BESTest, mini-BESTest and briefBESTest scores for a representative cohort of healthy community-dwelling older adults, and fills a gap in the literature since no normative data previously existed for these measures. Results from our study can be used by clinicians to guide interpretation of balance scores on the BESTest, mini-BESTest and briefBESTest. Furthermore, our data support our hypotheses that BESTest, mini-BESTest and briefBESTest scores would decrease with age.
In this study, we found that balance scores showed a significant decline with age which we expected based on previous work. 28 Three previous studies used the BESTest for measuring balance in healthy participants.
However, their data was intended for comparison with patients with a variety of health conditions, rather than with the specific purpose of obtaining normative scores that could be used as a reference for clinicians. 15, 19, 20 As such, the sample sizes of the healthy control groups in these studies were small and the authors did not provide scores based on age decade. Overall mean BESTest scores in prior work ranged from 90.6% (for subjects with a mean age of 65.7 years) 15 to 95.6% (for subjects with a mean age of 46.5 years). 19 These scores are similar to the scores we obtained for the corresponding age groups (95.7% for participants with mean age 55.5 years and 91.4% for participants with mean age 63.5 years).
Visual inspection of the box plots suggested that there was a considerable increase in the variation across balance scores with age. Further, while the variation in BESTest scores of our participants aged 50-69 years (SD ranged from 1.4 to 3.9) is similar to that reported in other studies (SD from 2.9 to 4.8), 15, 19, 20 we found a higher variation in scores in older participants (SD from 4.6 to 10.8 in the cohorts aged 70 years and older). This could be due to the fact that we did not control for participants' activity level which is known to relate to balance and to change with age. 31, 32 We also did not control for the presence of comorbidities that were not thought to affect balance and it is likely that our older participants had an increased number of comorbidities. 33 However, other normative studies of balance measures such as single leg stance (SLS), 34 BBS and TUG, 28 and lateral and forward reach, have not yielded similar results. 30 Another possibility is that, due to the variety of tasks included in the BESTest, it was able to detect a wider variety of impairments than other balance measures. This increased variability in BESTest, mini-BESTest and briefBESTest scores seen with age needs to be examined further.
Our findings fill an important knowledge gap that may facilitate uptake of the BESTest, mini-BESTest and/or the briefBESTest by clinicians. A recent survey found that the top three most commonly used balance measures among Ontario physiotherapists are the SLS, BBS, and TUG, 21 all measures with normative data. 28, 34 The reference data we provide based on age decade for BESTest , mini-BESTest and briefBESTest scores will allow more widespread use of these tests, which are some of the only tools available that enable clinicians to distinguish among specific subsystems contributing to impaired balance. This knowledge is essential to allow clinicians to tailor treatment to target the specific deficits underlying the observed balance limitations in their patients.
Limitations and Future Directions
A limitation of the current study is that it may not be generalizable as we only tested 79
Canadians between 50 and 89 years of age. Normative scores for individuals outside of this age range still do not exist. In addition, while our sample is representative of a healthy communitydwelling cohort living in an urban area of Ontario, Canada, our results may not be reflective of populations in other countries. Furthermore, males in the 80-89 year cohort had a mean age of 82.3 years and a sample size of 9. The difficulty in recruitment for this cohort could be due to the increased number of co-morbidities present in older individuals 32 affecting eligibility for the current study. Future studies including the administration of this test in healthy populations should aim to have larger sample sizes and to recruit participants across the lifespan and from a variety of countries.
A second limitation of the study pertains to our inclusion and exclusion criteria that were reliant solely on the participant's self-report of his/her own medical status. A more rigorous screening process that involved medical examination or chart review may have increased the likelihood of finding 'healthier' older adults and led to an observation of higher scores on the balance tests. However, stricter criteria would have decreased the external validity of our findings.
A third limitation of our study is that, while we found that scores on all balance tests differed significantly between age groups, it was beyond the scope of this paper to perform posthoc analyses to determine where those differences exist. While a trend for scores to decrease with age is demonstrated visually in figures 1-3, further exploration is required.
While we took extra precautions to ensure consistency of scoring amongst testers for this study, the training DVD that is available from the BESTest website 29 is a comprehensive training tool that should be used by clinicians prior to adopting this test as an outcome measure. Repeated administration of the BESTest highlighted one issue that clinicians should be aware of when interpreting the score for 'stability in gait'. The scores in this subsection were the lowest of all the sections for the majority of our age groups; we hypothesize this may be due to difficulties with the last item, the dual-task TUG. Participants in all age cohorts struggled with counting backwards by three even before adding the secondary physical task, suggesting that this particular cognitive dual-task item may have been too difficult to distinguish among people with different levels of deficits. This observation is supported by Padgett and colleagues 22 who found that the dual-task TUG item was the least representative item in the entire BESTest. Simplifying the cognitive task to counting backwards by two or inclusion of a manual dual-task TUG 35 may be better alternatives to the current cognitive dual-task TUG, which can be influenced by practice and one's familiarity with numbers.
In summary, our study is the first to provide normative values for healthy older adults on the BESTest, mini-BESTest and briefBESTest which may enhance the utility of these tools as comprehensive measures of balance for clinicians to use with a wide variety of patients. Further research should focus on the predictive validity, reliability and responsiveness of these tests in healthy populations as well as examine the relationship between balance scores and physical activity level in this population. 
